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SUMMARY 
The behaviour of profiled sheets under concentrated static load is discussed. The effect of 
aspect ratio and the depth of the sheet on the redistribution of stresses is investigated. The 
stress concentration caused by the concentrated load can lead to an anomalous pattern of 
behaviour, where local plastic failure occurs at lower loads in shorter spans rather than in 
longer spans. 
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Profiled sheeting is defined as sheeting which is formed longitudinally with regularly 
spaced shaping to give a corrugated or troughed cross section (Fig. I). Such sheeting has 
been used in the building industry for about one hundred years (Baehre, 1983). Profiled 
thin plates are aesthetically pleasing, and efficient from the point of view of structure 
strength. They have a relatively high stiffness for in-plane and lateral loading, which is 
their striking characteristic. However, under certain loading conditions, local buckling can 
be a challenging problem for the designer of such structural elements. 
An interesting phenomenon, associated with the behaviour of profiled sheets under a 
laterally applied, static, concentrated load, was observed. During tests of profiled sheet 
Type-A (Fig.2), it was found that initial failure, due to inelastic local buckling, occurred in 
shorter spans rather than in longer spans under the same load level (Salaheldin et aI., 
1987). The aim of this study is to identify the various parameters that govern the 
performance of profiled sheets under such conditions. 
2. EXPERIMENT AL WORK 
Two types of profiled sheets were tested, Type-A and Type-B. Geometrical properties of 
these sheets are detailed in Table 1. Two tests were carried out for each profile type. The 
aspect ratios (b/£., see Fig. 1) adopted for the tests are shown in Table 2. The geometrical 
configuration (profile and thickness) of the profiled sheets used is shown in Figs. 2a and b. 
The sheet material was high tensile steel with a modulus of elasticity E = 200 GPa, and a 
yield stress cry = 600 MPa. These values were the average of the results obtained from 
three simple tensile tests of the material. As the width of the sheets used for the lateral load 
tests was constant, the aspect ratio of the sheets was altered by changing the sheet length. 
The concentrated loading system was designed in accordance with Australian Standard AS 
1562-1980. The load was applied through a rubber pad of 4 in (102 mm) diameter. The 
force was transferred to the rubber pad through a disc of steel (Fig.3), and was measured 
with a load cell. 
The sheet was mounted on transverse channels, to which the sheet was fastened at four 
points at each support by means of screws (0.5 in (12mm) diameter x 1.38 in (35mm) 
length, hexagonal- neoprene washer) in a conventional manner (every second ridge). 
A digital transducer was used to monitor the central deflection. The output was fed 
directly into an x-y plotter so that a continuous trace of the load-deflection curve was 
obtained. This procedure enabled the deflection associated with the onset of localised 
plastic collapse mechanisms to be observed. 
In measuring the strain, uniaxial electrical resistance strain gauges were used. The gauges 
were bonded to both the inner and the outer sides of the upper flange of the sheet, near the 
centre (Fig.5). A gauge was not positioned exactly at mid-span because of the existence of 
the central load and the expected localised failure mechanisms. 
The strain readings for each loading sequence were recorded using a computer-based 
automatic data acquisition central system. The data were processed and stresses at the 
strain gauge locations were calculated. 
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Prior to any load application, the strain gauge readings were checked. The models were 
loaded incrementally to collapse. The loading was applied by a hydraulic jack in series 
with a load cell.· The central deflection was measured simultaneously using the transducer. 
2.1 Load-Deflection Analysis 
The load-deflection relations for the two types of profiled sheets, Type-A and Type-B, 
were observed. The span length was varied to allow for observation of the aspect ratio 
influence on the behaviour. Another factor which was thought may influence the behaviour 
was the depth of the profiled section. This factor was examined when the results of profile 
sheet Type-A were compared with the results of profile sheet Type-B. For each case 
considered herein, three tests were conducted. The difference between the three test results 
is within 6% for each profile sheet type. 
(a) ProfIle Sheet Type-A 
A transducer was used to obtain a continuous load deflection curve for simply supported 
profile sheets Type-A with span lengths equal to 55.1 in (1400 mm) and 35.4 in (900 mm), 
respectively. The aim was to confIrm the earlier results regarding the aspect ratio influence 
on the structural behaviour (Salaheldin et al., 1987). 
Fig.6 shows the critical load Pc (the load at which the fIrst local plastic collapse mechanism 
is formed) to be 0.46 Kip (2.05 kN). The sheet reached a maximum load of 0.64 Kip (2.8 
kN), after which several local collapse mechanisms occurred; a failure line formed across 
the middle of the span and the sheet totally collapsed. 
The load deflection relation is represented by a smooth continuous curve. The formation of 
each local plastic mechanism (see Murray, (1984) for details of typical mechanisms) in each 
rib is associated with a small drop in the load capacity. The area of influence, which is 
defined as the area affected by the load, and which participates signifIcantly in the bearing 
capacity of the sheet at a particular load level, is found to be relatively large. 
Testing the shorter span 35.4 in (900 mm) caused a different pattern to be formed. Fig.7 
displays the load deflection curve for profile sheet Type-A. The plotted results display an 
irregular load-deflection relation. The fIrst collapse mechanism occurred at 0.123 Kip 
(0.55 kN). At the early stages of loading the observation of the deflected shape indicated 
that the area of influence was small in comparison with the area of influence formed in the 
large span; the formation of early local collapse mechanisms lead to the belief that the small 
area of influence is associated with a high longitudinal membrane stress concentration. 
Although the sheet suffered local collapse at an early stage of loading, the global collapse 
came at a much later stage 0.9 Kip (4 kN), indicating the ability of the sheet to resist the 
increasing load despite the local failure. 
(b) Profile Sheet Type-B 
Fig.8 shows the load-deflection curve for sheet Type-B. The sheet is simply supported 
with a span length of 55.1 in (1400 mm). 
The load-deflection curve seems to be reasonably smooth. Slight load drops are associated 
with the formation of each local collapse mechanism across the mid-span. The area of 
influence is small and the concentration of membrane stresses is high. This concentration 
of stresses is the reason for the formation of the early local collapse mechanism which 
occurred at 0.13 Kip (0.6 kN). The disadvantage of the stress concentration, as a result of 
the increased profile depth of Type-B, seems to overshadow the advantage of strength 
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gained as the profile depth increases. When testing profiled sheet Type-B with a span 
length of 35.4 in (900 mm), the load-deflection is found to be irregular, with a large fall in 
the load level associated with the formation of each local collapse mechanism (Fig.9). The 
first local collapse mechanism occurred at a load level of 0.22 Kip (1.0 kN). It can be 
deduced that the influence of the aspect ratio on the behaviour of a sheet with a high profile 
depth (Type-B) when considering the critical load Pc is limited. 
2.2 Stress Distribution Analysis 
The longitudinal stress distribution across the width of both profiled sheet Type-A and 
profiled sheet Type-B were recorded. The tests were carried for high and low values of the 
aspect ratio. A schematic diagram of the strain gauge arrangement is shown in Fig. 10. Two 
strain gauges were placed at each position, one on the inside fibre and the other on the 
outside fibre. The mean value was used to determine the membrane stresses. A review of 
these tests is presented with particular attention being paid to the influence of profile depth 
and aspect ratio on the redistribution of the stresses at different stages of loading. 
(a) Profile Sheet Type-A - Test 1 
A long span of 59 in (1500 mm) length was tested. The distribution of stresses across the 
width was observed at four distinctive stages of loading. These stages of loading are 
numbered as shown in Fig.ll which displays the central load-deflection curve for this test. 
Fig. 12 shows the longitudinal stress distribution across half the width of the sheeting. The 
numbers in Fig. 12 refer to the successive stages of loading at which the stress distribution 
was recorded. At the first stage of loading the stress distribution seems to be concentrated 
near the centre. While the three inside ridges experienced compressive stresses, with a 
maximum value near the centre, the outside ridge experience a small magnitude of tensile 
stress. 
The second stage of loading shows an increase of the magnitude of the stresses. It also 
shows a more even distribution of stresses, as the ridges away from the centre experienced 
relatively high values of compressive stresses. 
Stage 3 shows a drop in the stresses near the centre (gauge No.1, Fig.lO), where the 
stresses dropped to almost half the values at the previous stage. This decrease of the 
stresses near the centre is due to the formation of a local collapse mechanism just before 
reaching stage 3, at load level of 0.43 Kip (1.9 kN). The two ridges near the edge (No.3 
and No.4, Fig.lO) experienced an increase in stress. It is to be noticed that Pc is equal to 
the maximum load sustained by the sheet Pmax. 
At the final stage there was a general reduction in stress across the width, with the 
exception of the outermost ridge, which experienced a slight increase in compressive 
membrane stress. 
The test confirmed that for a small aspect ratio (y = 0.5) significant redistribution of 
stresses across the profiled sheet occurs with increase of load. Thus a profiled sheet 
(Type-A) with a long span can sustain a high value of concentrated load without suffering 
from any sign of local failure. On the other hand, a profiled sheet with a short span suffers 
local failure at an early stage of loading due to the local concentration of membrane 
stresses. 
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(b) Profile Sheet Type-A - Test 2 
A relatively short span of 39 in (990 rom) was tested. Fig.I3 shows the central load-
deflection curve and the four stages of loading. Fig.I4 shows the distribution of 
longitudinal stresses across the sheeting for each stage of loading. 
The first stage of the stress recording was considered just before the first collapse 
mechanism occurred. The stress distribution at this stage shows a high concentration of 
stress towards the centre. The two outside ridges (No.3 and No.4, Fig.lO) did not share 
in resisting the load at this stage. As a result of this concentration of longitudinal stress an 
early local plastic mechanism was formed (Pc = 0.16 Kip (0.7 KN». 
The second stage of data recording took place after the load collapse mechanism formed. It 
shows the longitudinal stresses at the ridge near the centre (No. I, Fig.lO) decreasing. The 
adjacent ridge experienced increasing localised compressive stresses and the outside ridge 
(No.4, Fig.lO) experienced limited tensile stresses. 
Another collapse mechanism occurred before the data recording of stage 3, which shows a 
drop in the membrane stresses of the second ridge from the centre (No.2). The drop was 
expected as the stresses were affected by the second mechanism. Further decrease of the 
stresses near the centre (first ridge) was noticed. The stresses in the two outside ridges 
(No.3 and No.4, Fig.lO) were increased. 
The final stage of loading was associated with a reduction of stress across the sheeting as 
more local collapse mechanisms occurred in the ridges. The test demonstrated that the 
relatively small span (large aspect ratio of 0.77) limited the ability of the profiled sheet to 
redistribute the stresses across its width, leading to an early localised failure. 
(c) Profile Sheet Type-B - Test 1 
A Type-B long span sheet (.e = 55.1 in (1400 mm» was tested under a concentrated load. 
Figs.I5 and 16 show both the load-deflection curve and the change of the distribution of 
longitudinal stresses, through different stages of loading, near the middle cross section of 
the sheet, respectively. The numbers in Fig. 15 correspond to these stages of loading; the 
stress distribution at these stages ofloading is detailed in Fig. 16. 
Fig.I5 shows a small drop in the load deflection curve at a very early stage of loading, 
before the first recording of the stress distribution. The collapse mechanism was so 
localised in its influence that the recorded stress distribution at stage 1 did not seem to be 
affected by it. It is to be noted that the strain gauges were not placed at the centre (Fig.5). 
Stage 2 (Fig.16) shows the load to be resisted only by the first and the second ridge from 
the centre. It also shows that ridge No.1 experiences much higher longitudinal stresses 
than ridge No.2. 
Immediately after the second stage of loading, there was a drop in the local deflection curve 
which was associated with the formation of the second local collapse mechanism at a 
position adjacent to the first mechanism and further away towards the edge. 
The stress distribution record of stage 3 shows an expected drop on the first ridge. It also 
shows a higher concentration of stresses at ridge No.2. The stresses on the last two ridges 
contribute little to the load carrying capacity. Stage 4 of the loading cycle is a repeat of 
stage 3 as more local ridge collapse mechanisms were formed. The second strain gauge 
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from the centre, furnished an unrealistic record. This record was a result of the damage of 
the strain gauge due to the formation of the local collapse mechanism. 
The different stages of stress distribution show more concentration of longitudinal 
membrane stresses towards the centre than those encountered when profile sheet Type-A 
was considered. A comparison between Fig. 16 and Fig. 12 supports this view. 
The test proves that increasing the depth of the sheeting leads to more localised 
concentration of stresses. This concentration of stresses causes early localised failure 
(Fig.15). 
(d) Profile Sheet Type-B - Test 2 
The profile sheet had a length of 5.4 in (900 mm). The length was chosen to achieve the 
same aspect ratio encountered when testing Type-A (shorter span). Figs.17 and 18 display 
the load-deflection relation and the corresponding distribution of stresses across the width 
of the sheeting. The load-deflection curve shows a significant drop in the load level 
associated with the formation of the local collapse mechanisms in the ridges. 
Table 3 summarizes the results when comparing the behaviour of sheets Type-A with 
Type-B. Particular attention is focussed on the influence of the span length .e , which was 
chosen to achieve the same aspect ratio for both types, its effect on the first critical load, Pc, 
and the maximum load sustained by the sheets, Pmax. 
When the profile depth is shallow (Type-A) the sheet with a small span length 38.9 in (990 
mm) suffers early local deformation (Pc = 0.13 Kip (0.6 kN)). However, a reserve of 
strength is evident as the value of Pmax is equal to 0.74 Kip (3.3 kN). The sheet with the 
long span 59 in (1500 mm) has a greater ability to redistribute the stresses without any 
plastic deformation, which reflects the effect of the low aspect ratio on the behaviour. As a 
result of this redistribution of stresses the values of Pc and Pmax are the same 0.43 Kip 
(1.9 kN). 
It can now be seen that the aspect ratio has a marked effect on the behaviour of the sheets. 
For higher aspect ratios (shorter spans) a local plastic failure mechanism was formed at an 
early stage of loading. However, a considerable post buckling strength was available. The 
initial local permanent buckling was associated with a drop in the load-deflection curve, and 
this drop was more significant for higher aspect ratios. This drop also reflected a local 
reduction in the carrying capacity of the sheet in the most heavily stressed area, and was 
associated with transverse redistribution of stresses, after which the sheet was able to 
regain its capacity to resist the load. The next local failure occurred at the two adjacent 
ridges away from the centre line, and another drop in the load-deflection curve was 
observed. The global collapse occurred after all the ridges, across the mid-span, collapsed 
locally (Fig.19). 
When examining the behaviour of profile sheet Type-B, which had a relatively higher 
profile depth, the influence of the aspect ratio on the critical load seemed to be insignificant. 
The increasing depth of the sheeting seemed to increase the concentration of longitudinal 
stresses near the centre. Therefore, for lower values of the aspect ratio (longer spans), the 
strength, which is assumed to be gained as a result of increasing the profile depth, seems to 
be overshadowed by a poorer redistribution of stresses. This poor redistribution leads to 
local permanent failure. This effect was demonstrated when the sheet (.e=55.1 Kip (1400 
mm)) first failed locally at a load which was 0.54 times the specified service load limit, 
according to the Australian Standard, 0.25 Kip (1.1 kN). 
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Also It can be seen that with the increased profiled depth (Type-B), a normal "beam" 
behaviour dominated, where Pc for the shorter span 35.4 in (900 mm) is greater than Pc 
for the longer span 55.1 in (1400 mm). The same pattern of behaviour can be seen when 
considering the maximum sustained load Pmax, which has a value of 0.8 Kip and 1.46 Kip 
(3.55 kN and 6.5 kN) for the longer span 55.1 in(1400 mm) and the shorter span 35.4 in 
(900 mm), respectively. 
3. DESIGN CRITERIA FOR PROFILED SHEETING UNDER 
CONCENTRATED LOAD 
As it has been demonstrated, in some cases, the performance of profiled sheeting under 
concentrated load can be critical. In these cases, the aspect ratio has a significant influence 
on the behaviour of the sheeting. For large aspect ratios (short spans) the sheeting 
performance under concentrated load is the governing design factor. 
The British Standard (1976) specifies that for roofs between 0 and 45 degrees pitch, 
allowance should be made for ilload of 0.20 Kip (0.9 kN) acting vertically on a square 
with a 4.9 in (125 mm) side measured on the roof slope. For roofs greater than 45 degrees 
pitch the standard recommends that no allowance need be made for a concentrated load. As 
for failure criteria, the British Standard states that "failure of a sheet should be deemed to 
have occurred when it reaches a state of collapse or becomes cracked to an extent that 
would make it unfit for use. Sheets could, for example, be considered to have become 
unfit for use, as demonstrated in the tests, when large permanent deformation occurs". 
The Australian Standard AS1562-1980 states that for roofs with slopes less than 35 
degrees a test concentrated working load of 0.25 Kip (1.1 kN) shall be applied. For roofs 
with slopes greater than 35 degrees the concentrated working load is reduced to 0.1 Kip 
(0.45 kN). For the ultimate loading test the test load is 0.5 Kip (2.2 kN) and 0.25 Kip 
(1.1 kN) for roofs with slopes not greater than 35 degrees and greater than 35 degrees, 
respectively. 
In all cases the concentrated force shall be applied through a circular loading pad with a 
diameter of 4 in (102 mm). In the case of the ultimate load test, the Australian Code 
specifies that the load shall be sustained and, despite any permanent deformation that may 
occur, the sheeting shall remain substantially in its proper position. 
When the working load test is considered, the code stresses that "no de-indexing, 
unclipping, permanent local defortnation, fracture or failure of any part of the sheeting or 
failure of the fast~ning shall occur". 
It can now be seen that the limit to useful loading of profiled sheets, as stated in the 
Australian Standard, is based on aesthetic considerations rather than conventional limit 
states. 
4. CONCLUSION 
The study of the profiled sheeting deflection behaviour shows that if the profile depth is 
relatively shallow, then a sheet with high aspect ratio (short span) would fail under a 
concentrated load which is lower than that of a sheet with a low aspect ratio (long span). 
The failure takes the form of a local plastic collapse mechanism, and is principally an 
aesthetic one. The study indicated that for sheets with a low aspect ratio (long span) the 
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deformation associated with increasing the concentrated load leads to considerable 
redistribution of stresses across the sheet. 
For large aspect ratios (short spans), the stresses are concentrated near the centre, where 
the load is acting. The concentration leads to early development of local collapse 
mechanisms in the ridges of the sheet. 
Tests indicate that, despite the local failure, a considerable post buckling strength is 
available. This fmding raises the question of the effect of local buckling on the total stability 
and load carrying capacity of the sheet, bearing in mind that the failure is mainly an 
aesthetic failure rather than a strength failure. 
The study suggests that for relatively shallow profiled sheeting, where the performance of 
profiled sheeting under concentrated loads is sensitive to the change in the aspect ratio, this 
effect should be reflected in the design table proposed by the manufacturer. 
The study also shows that increasing the profile depth reduces the capability of the sheet 
to redistribute the longitudinal membrane stresses across its width.When a deeper profile 
was tested the results showed that the effect of the aspect ratio on the formation of local 
plastic collapse mechanisms was almost eliminated. The increase in depth changed the 
behaviour of the sheets from plate-like behaviour, where deformation is associated with 
redistribution of stresses, to beam-like behaviour, where almost no strength is gained in the 
process of deformation. 
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Appendix 2. . NOTATION 
a wavelength of corrugation 
b full panel width 
f depth of profIle 
.€ profIled sheet span 
t basic thickness of profile 
I cross-section second moment of area 
Pc the load at which fIrst local plastic collapse mechanism occurs 
P max maximum concentrated load sustained by the profiled sheet 
A. = ~ aspect ratio 
1.1 Poisson's ratio 
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Table 1 - Geometrical Properties 
Geometric Properties Profile Type - A Profile Type - B 
in (mm) in (mm) 
Basic Thickness t 0.0165 (0.42) 0.0165 (0.42) 
Wave length a 3.0 (76) 3.44 (87.5) 
Depth of profile f 0.67 (17) 0.944 (24) 
Full panel width b 29.9 (760) 27.55 (700) 
Table 2 - Test Program 
Profile Type Span Length .e Aspect Ratio bt.e 
in (mm) 
59 (1500) 0.50 
55.1 (1400) 0.54 
A 38.9 (990) 0.77 
35.4 (900) 0.84 
55.1 (1400) 0.50 
B 35.4 (900) 0.77 
Table 3 - Critical and Failure Loads for Profiled Sheets 
Profile Type 
.e Aspect Ratio Pc Pmax 
in (mm) Kip (kN) Kip (kN 
59 (1500) 0.50 0.43 (1.90) 0.43 (1.90) 
Prof:tle Type A 38.9 (990) 0.77 0.16 (0.70) 0.74 (3.30) 
55.1 (1400) 0.50 0.13 (0.60) 0.80 (3.55) 












Fig. 2 Dimensions of profiles 
(a and b) 
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Fig. 3 Loading System 
Fig. 4 Testing rig 


































Load-deflection curve for profile sheet 
Type - A - t = 55.1 in (1400 mm) 
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Fig. 7 Load-deflection curve for profile sheet 
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Fig. 8 Load-deflection curve for profile sheet 
Type - B - .e = 55.1 in (1400 mm) 
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Fig. 9 Load-deflection curve for profile 
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Load-deflection curve for profIle sheet 
















































Stress distribution across half the sheet for profile sheet 




50 100 150 200 (mm) 
Fig. 13 
Deflection 
Load deflection curve for profile sheet 
Type - A; f = 38.9 in (990 mm) 
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Fig. 15 Load-deflection curve for proflle sheet 
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Fig. 17 Load-deflection curve for proflle sheet 

































Stress distribution across half the sheet for profile sheet 
Type - B; .e = 35.4 in (900 mm) 
Fig. 19 Global collapse mechanism 
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